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(57) ABSTRACT

The mvention provides a novel benzoxazepine compound of
the general formula (I):

()

wherein R' and R” are as defined in the specification; or a
stereoisomer, a geometric 1somer, a pharmaceutically accept-
able salt, a pharmaceutically acceptable solvate, or a poly-
morph thereof; a process for 1ts preparation; and a pharma-
ceutical composition including an effective amount of the
compound. The compounds are useful 1n the treatment of
insulin resistance and clinical conditions associated there-
with.

18 Claims, No Drawings
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BENZOXAZEPINE COMPOUNDS, THEIR
PREPARATION AND USE

This claims the benefit of U.S. Provisional Application No.
60/856,138 filed on 2 Nov. 2006 and incorporates the same by
reference.

Field of the Invention

The present invention relates to novel benzoxazepine com-
pounds, to processes for their preparation, to pharmaceutical
compositions including the compounds, and to methods
employing these compounds, for treating insulin resistance
and clinical conditions associated therewith.

BACKGROUND OF THE INVENTION

Diabetes mellitus refers to a durable hyperglycemic con-
dition attributable to the absolute or relative shortage of
intrinsic insulin. Diabetes mellitus may be classified as 1nsu-
lin dependent diabetes mellitus (IDDM), that 1s type 1 diabe-
tes mellitus, for treatment of which insulin administration 1s

absolutely necessary, non msulin-dependent diabetes melli-
tus (NIDDM), that 1s type 2 diabetes mellitus, and other
diabetes mellitus (secondary diabetes mellitus; diabetes mel-
litus occurring as one symptom of other diseases). In type 1
diabetes or IDDM, patients produce little or no insulin, the
hormone that regulates glucose utilization. In type 2 diabetes
or NIDDM, patients often have plasma insulin levels that are
the same or even elevated compared to non-diabetic subjects;
however, these patients have developed a resistance to the
insulin stimulating effect on glucose and lipid metabolism 1n
the main insulin-sensitive tissues, which are muscle, liver and
adipose tissues, and the plasma insulin levels, while elevated,
are insuificient to overcome the pronounced insulin resis-
tance.

The resistance to msulin responsiveness results 1n insudfi-
cient insulin activation of glucose uptake, oxidation and stor-
age 1n muscle and 1nadequate insulin repression of lipolysisin
adipose tissue and of glucose production and secretion 1n the
liver.

Metabolic syndrome refers to a cluster of manifestations
including insulin resistance with accompanying hyperin-
sulinemia, type 2 diabetes mellitus, arterial hypertension,
central (visceral) obesity, dyslipidemia observed as deranged
lipoprotein levels typically characterized by elevated VLDL
(very low density lipoprotein) and LDL (low density lipopro-
tein) and reduced HDL (high density lipoprotein) concentra-
tions and reduced fibrinolysis.

Recent epidemiological research has documented that
individuals with insulin resistance run a greatly increased risk
of cardiovascular morbidity and mortality, notably suifering
from myocardial infarction and stroke. In type 2 diabetes
mellitus, atherosclerosis related conditions cause up to 80%
of all deaths.

In clinical medicine there 1s awareness of the need to
increase the insulin sensitivity in patients with metabolic
syndrome and thus to correct the dyslipidemia which 1s con-
sidered to cause the accelerated progress of atherosclerosis.

The available treatments for type 2 diabetes have recog-
nized limitations. While physical exercise and reductions in
dietary intake of calories will dramatically improve the dia-
betic condition, compliance with this treatment i1s very poor
because of well-entrenched sedentary lifestyles and excess
food consumption, especially of foods containing high
amounts of saturated fat.
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For the treatment of NIDDM, sulfonylurea drugs such as
tolbutamide, chlorpropamide and tolazamide, and biguanides
such as metformin hydrochloride and buformin have been
used as oral blood glucose lowering agents. The morbid state
of NIDDM 1s characterized by insulin deficiency and 1nsulin
resistance, and the sulfonylureas stimulating insulin secretion
from pancreatic p cells may not be very eflective therapeutic
medicines for patients with NIDDM condition, where the
insulin secretion potential 1s present, but adequate blood glu-
cose control 1s not achieved 1n target organs due to 1nsulin
resistance, thus permitting hyperglycemia. The biguanide
medicines may permit the onset of lactic acid acidosis, lim-
iting the use of such medicines. Further, these chemicals often
cause severe hypoglycemia as a side effect. To address these
problems, compounds with a new working mechanism were
developed, such as the thiazolidinedione (TZD) derivatives,
pioglitazone and rosiglitazone. These TZDs are insulin sen-
sitizers and can ameliorate insulin resistance (or enhance the
action of mnsulin) and lower blood glucose without promoting
secretion ol msulin from the pancreas. It has been revealed
that these TZD-type chemicals induce differentiation of adi-
pocytes, and exhibit their action via an mtranuclear receptor
PPARY (peroxisome proliferator-activated receptor gamma: a
transcriptional factor important for differentiation of adipo-
cytes) (J. Biol. Chem., 270, 12953-12956, (1995)). By the
differentiation of preadipocytes, immature and small adipo-
cytes with less secretion of Tumor Necrosis Factor alpha
(INFa), Free Fatty Acid (FFA) and leptin are increased thus
resulting 1n amelioration of insulin resistance. TZD deriva-
tives also act as agonists for PPARY, to exhibit the effect of
ameliorating insulin resistance.

However, from recent clinical findings using TZD deriva-
tives, conventional synthetic ligands that have PPARYy ago-
nistic activity not only have the activity to improve 1nsulin
resistance but also cause disorders of the liver and addition-
ally increase circulating plasma volume 1n vivo to trigger
edema. Since the disorders of liver functions induced by the
synthetic PPARy agonists are serious side effects and the
triggering of edema 1s a very serious side effect causing
cardiomegaly, detachment of the main activity, namely 1nsu-
lin-resistance improvement, from such serious side effects 1s
strongly desired.

It 1s believed that the toxicity of PPARY agonists described
above 1s dertved from the thiazolidinedione moiety, and
ciforts are being made to design bioisosteres of the TZDs
which may retain their useful functions while eliminating the
undesired effects. In order to avoid side effects associated
with potent PPARYy agonists, partial PPAR agonists are being
developed.

Besides PPARY, PPAR subtypes such as o and 0 have been
found. PPARY 1s located substantially 1n adipose tissue while
PPARa. occurs mainly in the liver, heart and kidney, and
therefore 1t was considered that each sub-type has an inde-
pendent function. In recent years, i1t has been revealed that
PPARy mainly mediates lipid anabolism by promoting
expression of a group of genes for Lipoprotein Lipase (LPL),
acyl-CoA carboxyvlase, Glycerol 3 Phosphate Dehydrogenase
(GPDH) etc. to convert glucose into lipid and storing the lipid,
while PPAR . mediates lipid catabolism by regulating expres-
s1on of a gene group involved 1n 1intake of fatty acids into cells
and oxidation thereof to decompose lipid. Moreover, research
concerning relationships between particular subtypes of
PPAR and various diseases have been widely conducted 1n
recent years (J. Med. Chem., 43(4), 527-550, (2000)).

Compounds having a carboxylic acid moiety 1n their struc-
ture which act as dual agonists of PPARy and . have also been
disclosed.
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Many of these dual PPAR a and vy agonists are still in
clinical trials and several have been dropped from develop-
ment due to msulficient efficacy or adverse effects seen in
advanced-stage development such as edema, raised levels of
hepatic enzymes, renal toxicity, and cancers 1 animal stud-
1e8.

Accordingly, there 1s a need for alternative compounds
which are effective in treating insulin resistance without
showing the toxic effects of currently available compounds.

U.S. Pat. No. 6,489,322 discloses benzoxazepines having
an amidine side chain; the disclosed compounds are mhibi-
tors of Nitric Oxide Synthase. International patent publica-
tion no. WO 02/051838 discloses novel benzoxazepine
derivatives which are useful as orexin receptor antagonists.

SUMMARY OF THE INVENTION

The present mmvention provides a benzoxazepine com-
pound of the general formula (1),

(D

wherein:
_______(dotted line) represents an optional bond;
R' is selected from:

O
O 4]
O O
O O O

O O O
Q Q
NH
. X‘/ N
S O
Q Q

where:

R> and R* are, independently of each other:

hydrogen; hydroxyl; alkoxy; alkyl; aryl; or amino;

R>, R® and R’ are, independently of each other:
hydrogen; alkyl; or aryl;

nis 0, 1 or2; and

the arrows indicate the point of attachment of R* group:;
R? is selected from:

heteroaryl; heterocyclo; or aryl;
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wherein heteroaryl, heterocyclo, or aryl may be unsubstituted
or substituted with R®, wherein R® is, independently of

cach other:
hydrogen; hydroxyl; alkoxy; C,-C, alkyl; halogen; amino; or

aryl;
or a stereoisomer, geometric i1somer, pharmaceutically
acceptable salt, pharmaceutically acceptable solvate, or poly-
morph thereof.

The present 1nvention further provides a process for the
preparation of a compound of formula (1), or a stereoisomer,
geometric 1somer, pharmaceutically acceptable salt, or sol-
vate thereof.

The present mnvention further provides a compound of the
formula (I), or a stereo1somer, geometric 1Isomer, pharmaceu-
tically acceptable salt or solvate thereof, for use as an active
therapeutic substance.

The present invention still further provides the use of a
compound of the formula (I), or a stereoisomer, geometric
1Isomer, a pharmaceutically acceptable salt or solvate thereof,
for the manufacture of a medicament for the treatment of
insulin resistance or conditions associated with insulin resis-
tance, especially type 2 diabetes mellitus.

The present invention provides the use of a compound of
the formula (I), or a stereoisomer, geometric 1somer, a phar-
maceutically acceptable salt or solvate thereol, for the treat-
ment of msulin resistance or conditions associated with 1nsu-
lin resistance, especially type 2 diabetes mellitus.

The present invention provides methods of treating insulin
resistance or conditions associated with insulin resistance, for
example, type 2 diabetes mellitus including administering to
a subject 1n need thereotf a compound of the formula (1), or a
stereoisomer, geometric 1somer, a pharmaceutically accept-
able salt or solvate thereof.

The present invention further provides a pharmaceutical
composition including a therapeutically effective amount of a
compound of the formula (I), or a stereoisomer, geometric
1Isomer, a pharmaceutically acceptable salt or solvate thereot,
and a pharmaceutically acceptable carrier or diluent.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

Listed below are definitions of various terms used to
describe the compounds of the present invention. These defi-
nitions apply to the terms as they are used throughout the
specification (unless they are otherwise limited 1n specific
instances) either individually or as part of a larger group.

The term ‘alkyl’ refers to a straight or branched hydrocar-
bon chain radical consisting of carbon and hydrogen atoms,
containing no unsaturation, having from 1 to 8 carbon atoms,
and which 1s attached to the rest of the molecule by a single
bond, e.g., methyl, ethyl, n-propyl, 1-methylethyl (1sopro-
pyl), n-butyl, n-pentyl, 1,1-dimethylethyl (t-butyl) and the
like. Unless stated otherwise, alkyl groups can be unsubsti-
tuted or substituted by one or more 1dentical or different
substituents. A substituted alkyl refers to an alkyl residue 1n
which one or more, for example, 1, 2 or 3 hydrogen atoms are
replaced with substituents, for example hydroxy, halogen,
carboxyl, alkoxycarbonyl, cyano, amino, nitro, oxo (—=0),
alkyl, alkoxy, aryl, aralkyl, heteroaryl and heterocyclo.

The term “alkoxy” denotes alkyl group as defined above
attached via oxygen linkage to the rest of the molecule. Rep-
resentative examples of those groups are —OCH,, —OC, H.
and the like.

The term “aryl” refers to aromatic radicals having 1n the
range of 6 to 10 carbon atoms such as phenyl, naphthyl,
biphenyl and the like.
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Unless stated otherwise, aryl residues, for example phenyl
or naphthyl, can be unsubstituted or optionally substituted by
one or more substituents, for example, up to three 1dentical or
different substituents selected from the group consisting of
hydroxy, halogen, carboxyl, alkoxycarbonyl, cyano, amino,
alkyl, alkoxy, aryl, aralkyl, heteroaryl and heterocyclo.

The term “heterocyclic rnng” or “heterocyclo” refers to a
stable 3 to 7 membered ring radical which consists of carbon
atoms and from one to three heteroatoms selected from the
group consisting of nitrogen, oxygen and sulfur. In addition,
the nitrogen atom may be optionally quaternized; examples
ol such heterocyclic ring radicals include, but are not limited
to, thiazolidinyl, pyrrolidinyl, tetrahydroturyl, morpholinyl,
pyranyl, dioxolanyl and the like.

Unless stated otherwise, the heterocyclyl groups can be
unsubstituted or substituted with one or more (e.g., up to 3),
identical or different, substituents. Examples of substituents
for the ring carbon and ring nitrogen atoms are hydroxy,
halogen, carboxyl, alkoxycarbonyl, cyano, amino, nitro, 0xo
(—0), alkyl, alkoxy, aryl, aralkyl, heteroaryl and heterocy-
clo.

The term “heteroaryl,” 1s intended to mean any stable aro-
matic monocyclic or bicyclic ring where the monocyclic ring
has up to 7 ring members and the bicyclic ring has up to 12
ring members. A suitable monocyclic ring has 5 or 6 ring
members and the bicyclic ring has 9 or 10 ring members. In
the monocyclic or bicyclic rings, from one to three carbon
atoms ring members are replaced with heteroatoms selected
from: N, O and S. Suitable monocyclic and bicyclic rings
contain a N heteroatom and, optionally, one or two further
heteroatoms selected from: N, O and S. Examples of het-
croaryl elements include, but are not limited to, benzimida-
zolyl, benzisoxazolyl, benzoxazolyl, furyl, imidazolyl,
pyridyl, pyrazinyl, quinolyl, 1soquinolyl, oxazolyl, 1s0x-
azolyl and the like. The heteroaryl ring radical may be
attached to the main structure at any heteroatom or carbon
atom that results in the creation of a stable structure.

Unless stated otherwise, the heteroaryl groups can be
unsubstituted or substituted with one or more (e.g., up to 3),
identical or different, substituents. Examples of substituents
for the ring carbon and ring nitrogen atoms are hydroxy,
halogen, carboxyl, alkoxycarbonyl, cyano, amino, nitro,
alkyl, alkoxy, aryl, aralkyl, heteroaryl and heterocyclo.

The term “aralkyl” refers to an alkyl group substituted with
an aryl or heteroaryl group, wherein the terms alkyl, aryl and
heteroaryl are as defined above. Exemplary aralkyl groups
include —(CH, ), -phenyl or, —(CH,) -pyridyl, wherein p 1s
an integer from 1 to 3.

The term “halogen™ refers to radicals of fluorine, chlorine,
bromine or 10dine.

The term “amino” refers to the group —NH, which may be
optionally substituted with alkoxycarbonyl, amino, alkyl,
aryl, aralkyl, heteroaryl and heterocyclo wherein the terms
alkyl, aryl, aralkyl, heteroaryl and heterocyclo are as defined
herein above.

It will be understood that “substitution” or “substituted
with” includes the implicit proviso that such substitution 1s in
accordance with the permitted valence of the substituted atom
and the substituent, as well as results 1n a stable compound,
which does not readily undergo transformation such as by
rearrangement, cyclization, elimination, etc.

The term “pharmaceutically acceptable salts” means non-
toxic salts of the compounds of this imnvention.
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Benzoxazepine Compounds, Methods of Making Them, and
Methods Employing Them

The present invention provides compounds of the general
tformula (I) above.

In an embodiment, the present invention provides com-
pounds of formula (1),
wherein:

R! is selected from:

O l 9 O
R4, R3/( )k ,
R’ " / ‘ R*
O NH,
O RO
O\.)‘\ o
RS -~ T R4 O R4 -~ RS>
where:

R* and R* are, independently of each other:
hydrogen; hydroxyl; alkoxy; C,-C, alkyl; aryl; or amino;
R> and R° are, independently of each other:
hydrogen; C,-C, alkyl; or aryl;
nis 0, 1 or 2;
the arrows indicate the point of attachment of R' group; and
their stereoisomers, geometric isomers, pharmaceutically
acceptable salts and solvates.

In another embodiment, the present mvention provides
compounds of formula (I),
wherein:
R' is selected from:

0O O
R3 g ¥ o R> - R*
O
where:
R? and R* are, independently of each other:
hydroxyl or alkoxy;
R> is:

hydrogen; C,-C, alkyl; or aryl;
nis 0, 1 or 2;
the arrows indicate the point of attachment of R* group; and

their stereoisomers, geometric isomers, pharmaceutically
acceptable salts and solvates.

In another embodiment, the present mvention provides
compounds of formula (I),

wherein:
R!is:
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where: -continued
R> and R* are, independently of each other: H
hydroxyl or alkoxy; 0 ILI /
nis 0, 1 or 2; N
the arrow indicates the point of attachment of R" group; and ° T/‘
theirr stereoisomers, geometric i1somers, pharmaceutically X

acceptable salts and solvates.

In another embodiment, the present ivention provides
compounds of formula (1),

wherein:
R! is selected from:

R~ is heteroaryl selected from:
10

o\ L

>\‘/ : ‘ = ‘\N/// NS

R’'—N , :

T ] J v

_‘§‘ ;I/ O% s ‘ - N
AN

20

|
N
N N N
N/ NH l
- S O Rg.f R
25 “ ‘ N\ X ‘ N\>/ N

O
N T N ;
where: H
R is selected from: R
1s selected from: 10 \f
-

hydrogen; C,-C, alkyl; or aryl;
the arrows mdlcate the point of attachment of R' group; and

their stereoisomers, geometric 1somers, pharmaceutically
acceptable salts and solvates.

In another embodiment, the present invention provides 35 R?2 ig aryl selected from:
compounds of formula (I),

wherein:
R is: RS RS
40 ‘ or ‘
O K/ /
R'— >\(
¢ where:
>/ 45 R® is selected from:
O hydrogen; hydroxyl; alkoxy; C,-C, alkyl; halogen; amino; or
aryl;
b the arrows indicate the point of attachment of R* group to the
WACE benzoxazepine core; and
R is: 50

their stereoisomers, geometric i1somers, pharmaceutically
hydrogen or C,-C,4 alkyl; acceptable salts and solvates.

1
the arrow indicates the point of attachment of R group; and In another embodiment, the present invention provides
their stereoisomers, geometric isomers, pharmaceutically compounds of formula (I), wherein

acceptable salts and solvates.

55 R~ is heteroaryl selected from:
In an embodiment, the present invention provides com-
pounds of formula (1), wherein

R? is heterocyclo selected from: \

/N\ RS  or f\f \>/

where:
N, : S or .
65 R°1s:

O O O hydrogen; hydroxyl; alkoxy; C,-C, alkyl; halogen; amino; or
aryl;
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the arrows indicate the point of attachment of R* group to the
benzoxazepine core; and

their stereoisomers, geometric 1somers, pharmaceutically
acceptable salts and solvates.

In another embodiment, the present invention provides >
compounds of formula (I), wherein:

R! is selected from:

15

where:

R”> and R* are, independently of each other:

hydroxyl or alkoxy;

R> is: 20
hydrogen; C,-C, alkyl; or aryl;

nis 0, 1 or 2;

R” is heteroaryl selected from:

25

\ S
‘ \I/RS or [~ ‘ \>/
O

F X

30

where:

R® is:

hydrogen; hydroxyl; alkoxy; C,-C, alkyl; halogen; amino; or 35
aryl;

the arrows indicate the point of attachment of R* group to the
benzoxazepine core; and

their stereoisomers, geometric 1somers, pharmaceutically
acceptable salts and solvates. 40

In another embodiment, the present ivention provides
compounds of formula (I), wherein:

'is selected from:

O O
R* _0
? OT
R3 g RS R4
O

O
. %/
%S
55

O

45

50

where:

R”> and R* are, independently of each other: 60
hydroxyl or alkoxy;

R” is:

hydrogen; C,-C, alkyl; or aryl;
R’ is:

hydrogen or C,-C, alkyl;

nis 0, 1 or 2;

65

10

R” is heteroaryl selected from:

)
(S TRTS N
O

F A

where:
R® is hydrogen; C,-C, alkyl; or halogen;
the arrows indicate the point of attachment of R* group to the
benzoxazepine core; and
their stereoisomers, geometric i1somers, pharmaceutically
acceptable salts and solvates.
In another embodiment, the present imnvention provides
compounds of formula (I), wherein the optional double bond

(--------)is absent.

Compounds of the present invention are selected from but
not limited to:
2-(4-pynidin-2-y1-2,3,4,5-tetrahydro-benzo[1][ 1.4 |oxazepin-

7-ylmethyl)-malonic acid dimethyl ester,
2-(4-pyridin-2-yl-2,3,4,5-tetrahydro-benzo[ ][ 1,4 |oxazepin-

7-yl)-methylene)-malonic acid dimethyl ester,
S5-(4-pyridin-2-y1-2,3,4,5-tetrahydro-benzo[ ][ 1,4 Joxazepin-
7-ylmethyl)-thiazolidine-2,4-dione,
S5-(4-pynidin-2-y1-2,3,4,5-tetrahydro-benzo[ ][ 1,4 Joxazepin-
7-yl-methylene)-thiazolidine-2,4-dione,
5-(4-benzooxazol-2-y1-2,3.,4,5-tetrahydro-benzo[1][1,4]0x-
azepin-7-ylmethyl)-thiazolidine-2,4-dione,
5-(4-benzooxazol-2-y1-2,3.,4,5-tetrahydro-benzo[1][1,4]0x-
azepin-7-ylmethylene)-thiazolidine-2,4-dione,
S>-(4-pyridine-2-vy1-2,3,4,5-tetrahydro-benzo[1][ 1,4 |ox-

azepin-7-ylmethyl)-thiazolidine-2,4-dione maleate; 5-(4-

pyridin-2-yl-2,3.4,5-tetrahydro-benzo[1][ 1,4 |oxazepin-7-

ylmethylene)-thiazolidine-2,4-dione maleate; and
their stereoisomers, geometric isomers, pharmaceutically
acceptable salts and solvates.

Depending on the process conditions, the end products of
the formula (I) are obtained either in neutral or salt form. Both
the neutral and salt forms of these end products are within the
scope of the 1nvention.

Acid addition salts are generally prepared by reacting com-
pounds of formula (I) having one or more basic groups with a
suitable organic or morganic acid in a suitable solvent.

Representative salts include: hydrobromides, hydrochlo-
rides, sulphates, nitrates, phosphates/diphosphates, perchlo-
rates, borates, acetates, tartrates, maleates, citrates, succi-
nates, methanesulfonates, benzoates, salicylates,
benzenesulionates, ascorbates, fumarates, gluconates,
glutamates, malates, mandelates, oxalates, oleates, palmi-
tates, and tosylates.

Compounds of formula (I) having one or more acidic
groups are treated with a suitable organic or inorganic base 1n
a suitable solvent to yield pharmaceutically acceptable salts.

Pharmaceutically acceptable salts forming part of this
invention include alkali metal salts like 1, Na, and K salts,
alkaline earth metal salts like Ca and Mg salts, salts of organic
bases such as lysine, arginine, guanidine, diethanolamine,
choline and the like, ammonium or substituted ammonium
salts, salts of carboxy group wherever appropriate, such as
aluminum, alkali metal salts; alkaline earth metal salts,
ammonium or substituted ammonium salts.

The compounds of the general formula (I) defined above
according to the mmvention can contain one or more asym-
metrically substituted carbon atoms. The presence of one or
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more of these asymmetric centers in the compounds of the
general formula (I) can give rise to stereoisomers and 1n each
case the mvention 1s to be understood to extend to all such
stereoisomers, including enantiomers and diastereoisomers
and their mixtures, including racemic mixtures.

The present invention includes, wherever possible, E and Z
geometrical isomers of the compounds of the general formula
(I). The 1nvention 1s understood to include a single 1somer or
a mixture of both the 1somers.

The present invention includes solvates of the compounds
of the formula (I) for example hydrates, and the solvates
formed with other solvents of crystallization, such as alco-
hols, ethers, ethyl acetate, dioxane, DMF, or a lower alkyl
ketone, such as acetone, or mixtures thereof.

The present invention also includes polymorphs of the
compounds of the general formula (1), as defined below.

According to a further aspect of the mvention, there 1s
provided a process for the preparation of a compound of the
general formula (I);

(D

wherein:

(dotted line) represents an optional bond;

R is selected from:

O NH;
O O R®
O N
RS” RY R SRS,
O O
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-continued

where:

R> and R* are, independently of each other:

hydrogen; hydroxyl; alkoxy; C,-C, alkyl; amino; or aryl;
R>, R° and R’ are, independently of each other:

hydrogen; C,-C, alkyl; or aryl;

nis 0, 1 or2; and

the arrows indicate the point of attachment of the R group;

R” is selected from:
heteroaryl; heterocyclo; or aryl;

wherein heteroaryl, heterocyclo, or aryl may be unsubstituted
or substituted with R®, wherein R® is, independently of

cach other:

hydrogen; hydroxyl; alkoxy; C,-C, alkyl; halogen; amino; or
aryl; and

or a stereoisomer, geometric i1somer, pharmaceutically

acceptable salt, pharmaceutically acceptable solvate, or
polymorph thereof;

which process includes:

reacting a compound of formula (II):

(1I)
RE

/
B
L

with a compound of the formula R'—H, wherein R* and R?
are as defined above, to form a compound of the formula (1),
wherein the dotted line represents a bond, and, optionally,
converting the compound 1nto a pharmaceutically acceptable
salt.

OHC

(D)

The process described provides a compound of the formula
(I), wherein R' is attached via a double bond, and may further
include subjecting the compound to reduction to form a com-
pound of the formula (I), wherein R' is attached via a single
bond, and, optionally, converting the resultant compound 1nto

a pharmaceutically acceptable salt.

According to a further feature of the present invention, the

compounds of general formula (I) can be prepared by, or 1n
analogy with, standard synthetic methods, and especially
according to, or 1n analogy with, the following scheme:
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14

SCHEME
/ \ - Rz—ﬁ\
_A L H _C
)~ A
QO
(1-A) — O
H ot 2)
H04</ H
— O
(1-B)
Cl
R2—N i /R2
\_\ H N
_ S )
3) o
R? R?
/ /

()

An itermediate used for the preparation of a compound of
tormula (I) 1s the compound of formula (2), which may be
prepared by the reaction between a compound of formula

(1-A), where X 1s a halide, such as fluoride, and a compound
of formula (4);

R’—NH—(CH,),—OH (4)

in which R is as defined above in relation to formula (I).
The reaction may be carried out under any suitable condi-
tions, for example 1n a solvent, such as DMF or DMSO; at an
clevated temperature, for example in the range of 100 to 150°
C.; suitably 1n the presence of a base, such as sodium hydride
or potassium carbonate (Reaction A of scheme).
Alternatively, the compound of formula (2) may be pre-
pared from a compound of formula (1-B) and a compound of
formula (4). The reaction may suitably be carried out 1n an
aprotic solvent, such as THF, and can be done 1n the presence
of a coupling agent, such as that provided by triphenyl phos-
phine and diethylazodicarboxylate (Reaction B of scheme).
Alternatively, the compound of formula (2) may be pre-
pared from a compound of formula (1-B) and a compound of

tformula (35);

R*—NH—(CH,),—OY

(3)

in which R” is as defined above in relation to formula (I), and
Y represents a leaving group, such as a tosylate or a mesylate
group.

The reaction may be carried out 1n an aprotic solvent, such
as DMEF, at a low to elevated temperature, for example, 1n the
range of 50° C. to 120° C., and can be done 1n the presence of
a base, such as sodium hydride.

The compound of formula (5) may be prepared from the
corresponding compound of formula (4) by reaction with a
tosyl halide or a mesyl halide in a solvent, such as pyridine.

The compounds of formula (1-A) or (1-B) are known com-
pounds or are prepared by methods analogous to those used to
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(D)

prepare known compounds; for example, 4-fluorobenzalde-
hyde and 4-hydroxybenzaldehyde are known commercially
available compounds.

The compound of formula (2) may be converted to the
compound of formula (3), by chloromethylation using a con-
ventional method; for example, with formaldehyde 1n the
presence of hydrochloric acid and a Lewis acid catalyst, such
as zinc chloride, ferric chloride, aluminum chloride, and the
like; at a temperature in the range of 10° C. to 50° C., for
example, ambient temperature. Duration of the reaction may
range from 24 to 72 hours (Reaction C of the scheme above).

The compound of formula (3) may be cyclized to obtain the
compound of formula (II) by treating the compound of for-
mula (3) with potassium 1odide and/or potassium fluoride
optionally 1n the presence of a base, such as sodium carbon-
ate, potassium carbonate or potassium bicarbonate, 1n a sol-
vent selected from DMF, dioxane, THF, and the like. The
reaction may be carried out at a temperature 1n the range of
50° C.to 150° C. The duration of the reaction may range from
0.5 to 5 hours (Reaction D of the scheme above).

The compound of formula (II) may be converted to the
compound of formula (I), wherein represents a bond, by

reacting with R'—H, wherein R" is as defined above in rela-
tion to formula (I), 1n the presence of a Lewis acid catalyst
selected from titanium tetrachloride, zinc chlonide, ferric
chloride, aluminum chloride, and the like; 1n a solvent
selected from chloroform, carbon tetrachloride, tetrahydro-
furan, ether, dioxane, or a mixture of two or more of these
solvents, under basic conditions. The reaction may be carried
out at a temperature in the range of 0° C. to ambient tempera-
ture. Duration of the reaction may range from 2 to 24 hours
(Reaction E of the scheme above).

Alternatively, the compound of formula (II) may be con-
verted to the compound of formula (1), wherein ---- represents

a bond, by reacting with R'—H, wherein R' is as defined
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above 1n relation to formula (I), in the presence of piperi-
dinium acetate 1n toluene refluxed 1n a Dean Stark apparatus.

The double bond present 1n the product of the Reaction E
may be reduced to give the compound of formula (I) (Reac-
tion F of the scheme above), wheremn ____ )

bond, i the presence of gaseous hydrogen and a catalyst,
such as Pd—C, Rh—C, Pt—C, and the like, in the presence of
a solvent selected from dioxane, acetic acid, ethyl acetate, and
alcohol, such as methanol, ethanol, and the like. The reaction
may be carried out at a pressure between atmospheric pres-
sure and 40 ps1. The catalyst can be 10% Pd—C. The reaction
1s carried out at ambient temperature and duration of the
reaction may range ifrom 6 to 24 hours.

Alternatively, the reduction may be carried out in the pres-
ence of Al-amalgam that1s freshly prepared 1n the presence of
a solvent selected from dioxane, 1,2-dimethoxyethane, and
the like. The reaction may be carried out at a temperature in
the range of —10° C. to 15° C. The duration of the reaction
may range from 2 to 6 hours. The reaction may be optionally
carried out under an 1nert atmosphere using nitrogen or argon.

Alternatively, the compound of formula (II) may be con-

verted to a compound of formula (6):

(6)

\/\N
Z

Cl

wherein R” is as defined above, by reducing the compound of
formula (II) to an alcohol, followed by conversion to a
haloalkyl compound such as chloroalkyl compound of for-
mula (6) using conventional methods. The compound of for-
mula (6), on reacting with R'—H, wherein R' is defined in
relation to formula (I), under basic conditions, at a tempera-
ture range ol ambient to 60° C., provides a compound of the
formula (I), wherein ---- represents no bond. The present
invention further provides an intermediate compound of for-

mula (II):
(1)

OHC

\/\N
Z\

wherein R is as defined above.

The intermediate of formula (1) may be prepared by react-
ing a compound of formula (3) (above) with a suitable reagent
under suitable conditions to efiect cyclization of the com-
pound.

The compounds of the present invention may be 1solated
and purified in a manner known 1n the art by, for example,
distilling off the solvent in vacuum and recrystallizing the
residue obtained with a suitable solvent. Moreover, other
purification methods, such as column chromatography on a
suitable support material, are acceptable techniques. Gener-
ally the salts are prepared by contacting the free base or acid
of a compound of the formula (I) with a stoichiometric
amount, or with an excess, of the desired salt-forming 1nor-
ganic or organic acid or base 1n a suitable solvent or dispers-
ant, or by anion exchange or cation exchange with other salts.
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Suitable solvents are, for example, ethyl acetate, ether, alco-
hols, acetone, chlorinated hydrocarbons, THF, dioxane, or a
mixture of two or more of these solvents.

The present imnvention furthermore includes all solvates of
the compounds of the formula (I) for example hydrates, and
the solvates formed with other solvents of crystallization,
such as alcohols, ethers, ethyl acetate, dioxane, DMF, or a
lower alkyl ketone, such as acetone, or mixtures thereof.

Various polymorphs of a compound of general formula (I)
forming part of this imnvention may be prepared by crystalli-
zation of the compound of formula (I) or its salts under
different conditions, for example, using different solvents or
their mixtures for recrystallization; crystallizations at differ-
ent temperatures, various modes of cooling, ranging from
very fast to very slow cooling during crystallizations. Poly-
morphs may also be obtained by heating or melting the com-
pound followed by gradual or fast cooling. The presence of
polymorphs may be determined by solid probe NMR spec-
troscopy, IR spectroscopy, difierential scanning calorimetry,
powder X-ray diffraction, or other such techniques.

The compounds of the present invention were evaluated 1n
in vitro assays including inhibition of gluconeogenesis 1n
1solated rat hepatocytes; adipocyte differentiation 1n 3T3-L1
cells monitored by potentiation of insulin-stimulated lipo-
genesis, triglyceride estimation, glycerol-3-phosphate dehy-
drogenase estimation, or glucose uptake; and PPAR transac-
tivation assays. Certain compounds of the invention were
active 1n assays carried out to evaluate their insulin-sensitiz-
ing or insulin-secreting potential. The compounds of the
invention are surprisingly not as strongly adipogenic as
known TZDs, especially rosiglitazone, and unlike the TZDs
are only weak activators of the PPARs, thereby suggesting a
better safety profile.

The present invention accordingly provides a compound of
formula (I), or a pharmaceutically acceptable salt or solvate
thereot, for use as a medicament.

The compounds of the present invention improve insulin
sensitivity 1n insulin resistant mammals. The present inven-
tion accordingly provides a compound of the formula (I) for
use 1n the manufacture of a medicament for the treatment of
insulin resistance and conditions associated therewith.

The present compounds of formula (I) are usetul for the
prophylaxis and/or treatment of clinical conditions associated
with inherent or induced reduced sensitivity to msulin (1nsu-
lin resistance) and associated metabolic disorders such as
metabolic syndrome. These clinical conditions will include,
but will not be limited to hyperinsulinaemia, hyperglycaemia,
type 2 diabetes and the dyslipidaemia characteristically
appearing with insulin resistance, obesity and arterial hyper-
tension.

Treatment with the present compounds 1s expected to
lower the cardiovascular morbidity and mortality associated
with atherosclerosis due to their antidyslipidaemic proper-
ties. The cardiovascular disease conditions include: macro-
angiopathies of various internal organs causing myocardial
infarction, congestive heart failure, cerebrovascular disease
and peripheral arterial insutficiency of the lower extremities.
Because of their insulin sensitizing effect, the compounds of
formula (I) are also expected to prevent or delay the develop-
ment of type 2 diabetes. Therefore, the development of long-
term complications associated with chronic hyperglycaemia
in diabetes mellitus, such as the micro-angiopathies causing
renal disease, retinal damage and peripheral vascular disease
of the lower limbs, are expected to be delayed. Furthermore,
the compounds may be useful 1n the treatment of various
conditions outside the cardiovascular system whether or not
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associated with isulin resistance, like polycystic ovarian
syndrome, obesity, cancer and states of inflammatory disease,
including neurodegenerative disorders, such as mild cogni-
tive impairment, Alzheimer’s disease, Parkinson’s disease
and multiple sclerosis.

The compounds of the present invention are expected to be
usetul 1n controlling glucose levels 1n patients, particularly in
patients suffering from type 2 diabetes.

The present invention accordingly provides a method for
the treatment or prevention of type 2 diabetes mellitus and
conditions associated with diabetes mellitus, including
administering to a mammal (e.g., a human) 1n need thereot, a
therapeutically effective amount of a compound of the for-
mula (I), or a pharmaceutically acceptable salt or solvate
thereof.

The present invention provides a method for the treatment
or prevention of dyslipidemias, the msulin resistance syn-
drome, metabolic syndrome and/or metabolic disorders (as
defined above), including administering to a mammal (e.g., a
human) in need thereot, a therapeutically effective amount of
a compound of the formula (I), or a pharmaceutically accept-
able salt or solvate thereof.

Pharmaceutical Compositions and Methods

As used herein, the terms “treat” and “therapy” and the like
refer to alleviate, slow the progression, prophylaxis, attenu-
ation or cure of existing disease (e.g., insulin resistance or
type 2 diabetes).

The term “therapeutically effective amount™ as used herein
1s meant to describe an amount of a compound of the present
invention effective 1 producing the desired therapeutic
response 1n a particular patient suffering from insulin resis-
tance or type 2 diabetes.

The pharmaceutical composition may be in the forms nor-
mally employed, such as tablets, lozenges, capsules, pow-
ders, syrups, solutions, suspensions and the like specially
tformulated for oral, buccal, parenteral, transdermal, 1nhala-
tion, mtranasal, transmucosal, implant, or rectal administra-
tion, however oral administration 1s preferred. For buccal
administration, the formulation may take the form of tablets
or lozenges formulated 1n conventional manner. Tablets and
capsules for oral administration may contain conventional
excipients such as binding agents, (for example, syrup, aca-
c1a, gelatin, sorbitol, tragacanth, mucilage of starch or poly-
vinylpyrrolidone), fillers (for example, lactose, sugar, micro-
crystalline cellulose, maize-starch, calcium phosphate or
sorbitol), lubricants (for example, magnesium stearate,
stearic acid, talc, polyethylene glycol or silica), disintegrants
(for example, potato starch or sodium starch glycolate) or
wetting agents, such as sodium lauryl sulfate. The tablets may
be coated according to methods well known 1n the art.

Alternatively, the compounds of the present invention may
be incorporated 1nto oral liquid preparations such as aqueous
or o1ly suspensions, solutions, emulsions, syrups or elixirs,
for example. Moreover, formulations containing these com-
pounds may be presented as a dry product for constitution
with water or other suitable vehicle before use. Such liquid
preparations may contain conventional additives such as sus-
pending agents such as sorbitol syrup, methyl cellulose, glu-
cose/sugar syrup, gelatin, hydroxyethylcellulose, carboxym-
cthyl cellulose, aluminum stearate gel or hydrogenated edible
fats; emulsilying agents such as lecithin, sorbitan mono-ole-
ate or acacia; non-aqueous vehicles (which may include
edible o1ls) such as almond o1l, fractionated coconut o1l, o1ly
esters, propylene glycol or ethyl alcohol; and preservatives
such as methyl or propyl p-hydroxybenzoates or sorbic acid.
Such preparations may also be formulated as suppositories,
e.g., containing conventional suppository bases such as cocoa
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butter or other glycerides. Additionally, formulations of the
present mnvention may be formulated for parenteral adminis-
tration by injection or continuous infusion. Formulations for
injection may take such forms as suspensions, solutions, or
emulsions 1n o1ly or aqueous vehicles, and may contain for-
mulatory agents such as suspending, stabilising and/or dis-
persing agents. Alternatively, the active ingredient may be in
powder form for constitution with a suitable vehicle (e.g.,
sterile, pyrogen-iree water) before use.

Moreover, 1t will be appreciated that the amount of a com-
pound of the invention required for use in treatment will vary
with the nature of the condition being treated and the age and
the condition of the patient and will be ultimately at the
discretion of the attendant physician or veterinarian. In gen-
eral, however, doses employed for adult human treatment will
typically be 1n the range of 0.02-35000 mg per day or 1-1500
mg per day. The desired dose may conveniently be presented
in a single dose or as divided doses administered at appropri-
ate intervals, for example as two, three, four or more sub-
doses per day.

The formulations according to the mvention may contain
between 0.1-99% of the active ingredient, conveniently from
30-95% for tablets and capsules and 3-50% for liquid prepa-
rations.

Furthermore, 1n addition to at least one compound of the
general formula (1), as active ingredient, the pharmaceutical
compositions may also contain one or more other therapeus-
tically active ingredients.

According to an embodiment of the present ivention,
there 1s provided a method for the treatment of nsulin resis-
tance or conditions associated with insulin resistance, includ-
ing administering to a mammal 1n need thereof a therapeut-
cally eflective amount of a compound of formula (I).

According to an embodiment of the present invention there
1s provided a method for the treatment of the msulin resis-
tance or conditions associated with insulin resistance, includ-
ing type 2 diabetes mellitus, lipid and carbohydrate metabo-
lism disorders, dyslipidemia, hyperinsulinemia, glucose
intolerance, atherosclerosis or obesity, including administer-
ing to a mammal 1n need thereotf a therapeutically effective
amount of a compound of formula (I).

According to an embodiment of the present invention,
there 1s provided a method for the treatment of type 2 diabetes
mellitus, including administering to a mammal 1 need
thereol a therapeutically effective amount of a compound of
formula (1).

According to an embodiment, the compounds of present
invention are usetul for the treatment of insulin resistance or
conditions associated with 1nsulin resistance.

According to an embodiment, the compounds of the

present mvention are useful for the treatment of the msulin
resistance or conditions associated with insulin resistance,
including type 2 diabetes mellitus, lipid and carbohydrate
metabolism disorders, dyslipidemia, hypermsulinemia, glu-
cose 1ntolerance, atherosclerosis or obesity. According to an
embodiment, the compounds of the present invention are
usetul for the treatment of type 2 diabetes.

It 1s understood that modifications that do not substantially
alfect the activity of the various embodiments of this mnven-
tion are included within the mvention disclosed herein.

Accordingly, the following examples are intended to 1llus-
trate but not to limit the present invention. Without further
elaboration, 1t 1s believed that one skilled in the art can, based
on the description herein, utilize the present invention to 1ts
fullest extent.
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EXAMPLES

The following abbreviations are used herein:

THE Tetrahydrofuran
EtOAc Ethyl acetate

MeOH Methanol

CCl, Carbon tetrachloride
CH-CL, Dichloromethane
DMFE Dimethyl formamide
HCI Hydrochloric acid
NaOH Sodium hydroxide
CO, Carbon dioxide

Example 1

2-(4-Pyndin-2-y1-2,3,4,5-tetrahydro-benzo[1][1,4]
oxazepin-7/-ylmethylene)-malonic acid dimethyl
ester

Step |

Preparation of
4-[2-(pyridin-2-yl-amino)-ethoxy]-benzaldehyde

Preparation of 4-[2-(pyridin-2-ylamino)-ethoxy]-benzal-
dehyde 1s known 1n the literature, and may be prepared by
published procedures or by methods well known to one
skilled 1n the art, for example by reacting 4-fluorobenzalde-
hyde and 2-(pyridin-2-yl-amino)-ethanol as per the proce-
dure 1n J. Med. Chemistry 37, 3977-3985, 1994,

Step 11

Preparation of 3-chloromethyl-4-[2-(pyridin-2-yl-
amino)-ethoxy]-benzaldehyde

4-12-(Pyridin-2-yl-amino)-ethoxy|-benzaldehyde [com-
poundof StepI](11.9 g, 49.17 mmol)was dissolved in 170 ml
concentrated HCI, and to this solution were added zinc chlo-
ride (2.54 g, 18.6 mmol) and formaldehyde (12.95 mL o1 35%
aqueous solution, 151 mmol). HCI gas was passed through
the reaction mixture for 5 hours. The reaction mixture was
stirred for 64 hours. The reaction mixture was diluted with 3
L water. The resulting solution was carefully neutralised with
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50% aqueous NaOH (pH 7-8), maintaining the temperature of 45

reaction mixture below room temperature by external cool-
ing. The resulting solution was extracted with ethyl acetate
(2x1.5L). The extract was washed with 1.5 LL brine, dried over
anhydrous sodium sulfate and concentrated at 40° C. under
vacuum to give 3-chloromethyl-4[2-(pyridin-2-yl-amino)-
cthoxy]-benzaldehyde.

Yield: 7.45 g (52.2%).

"H NMR (CDCl,): 8 9.9 (s, 1H), 8.11 (d, 1H), 7.9 (br.s,
1H), 7.86 (dd, 1H), 7.42 (m, 1H), 7.04 (d, 1H), 6.61 (m, 1H),
6.48 (d, 1H), 5.3 (br.s, 1H, exchangeable), 4.72 (s, 2H), 4.35
(t, 2H), 3.9 (m, 2H)

Step 111

Preparation of 4-pyridin-2-y1-2,3.,4,5-tetrahydro-
benzo[1][1,4]oxazepine-7-carbaldehyde

To a solution of 3-chloromethyl-4-[2-(pyridin-2-yl-
amino )-ethoxy]-benzaldehyde [compound of step 11] (7.45 g,
25.7 mmol) 1n 340 mLL DMF, was added potassium 1odide

(8.53 g, 51.4 mmol) and the reaction mixture was heated to
130° C. for 1 hour. The reaction mixture was cooled, diluted

with 1 L water and extracted with 2x3500 mL of ethyl acetate.
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The ethyl acetate extract was washed with 250 mL brine,
dried over anhydrous sodium sulfate and concentrated under
vacuum at 40° C. to give 3.9 g crude maternial. This crude
material was purified by silica chromatography using 15%
cthyl acetate i petroleum ether to give 4-pyridin-2-y1-2,3 .4,
S-tetrahydro-benzo [1][1,4]oxazepine-7-carbaldehyde.

Yield: 0.872 g (13.4%).

'HNMR (CDCl,): 89.93 (s, 1H), 8.14 (m, 1H), 7.9 (br.s,
1H), 7.7 (dd, 1H), 7.45 (m, 1H), 7.12 (d, 1H), 6.66 (d, 1H),
6.58 (m, 1H), 4.84 (s, 2H), 4.3 (m, 2H), 4.2 (m, 2H)

Step 1V

Preparation of 2-(4-pyndin-2-yl1-2,3,4, 3-tetrahydro-
benzo[1][1,4]oxazepin-7-y]l)-methylene)-malonic
acid dimethyl ester

Titanium tetrachloride (190 mg, 1 mmol) 1n 2.5 mL CCl,
was added to 20 mL dry THF at 0° C. and to this solution,
were added 4-pyridin-2-y1-2,3,4,5-tetrahydro-benzo [1][1.4]
oxazepine-7-carbaldehyde [compound of Step III] (127 mg;
0.5 mmol) in 1 mLL THF and dimethyl malonate (66 mg, 0.5
mmol) at 0° C. To the reaction mixture was added a solution
of pyridine (158 mg, 2 mmol) 1n 3.5 mL THF over a period of
halfhour at 0° C. and stirred at room temperature for 16 hours.
Further, the reaction mixture was poured 1n 250 mL 1ce-cold
water and extracted with diethyl ether (2x100 mL). The
extract was then washed with saturated sodium bicarbonate
solution (2x100 mL), brine (2x100 mL) and dried over anhy-

drous sodium sulfate. The solution was then concentrated at

40° C. under vacuum, to give 100 mg crude material, which
was purified by silica chromatography using 13% ethyl
acetate 1n petroleum ether to give 2-(4-pyridin-2-y1-2,3.4,5-
tetrahydro-benzo[1][1.,4|oxazepin-7-yl)-methylene)-mal-
onic acid dimethyl ester.

Yield: 70 mg (38%).

"HNMR (DMSO d,): 8 8.1 (dd, 1H), 7.7 (s, 1H), 7.6 (br.s,
1H),7.5(t, 1H), 7.3 (dd, 1H), 7.0(d, 1H), 6.8 (d, 1H), 6.55 (im,
1H), 4.81 (s, 2H), 4.24 (br.t, 2H), 4.08 (br.t, 2H), 3.87 (s, 3H),
3.8 (s, 3H).

Example 2

2-(4-Pyridin-2-y1-2,3.,4,5-tetrahydro-benzo[1][1,4]
oxazepin-7-yl)-methyl)-malonic acid dimethyl ester

2(4-Pyridin-2-y1-2,3.,4,5-tetrahydro-benzo[1][1,4]0x-

azepin-7/-yl)-methylene)-malonic acid dimethyl ester [com-
pound of Example 1] (36.8 mg, 0.1 mmol)was dissolvedin 15
ml. MeOH, to which was added 10% Pd—C (5 mg). The
mixture was subjected to hydrogenation at 10 ps1 for 20
hours. The reaction mixture was filtered through celite and
concentrated at 40° C., under vacuum to give 2-(4-pyridin-2-
yl-2,3,4,5-tetrahydro-benzo[1][1,4]oxazepin-7-yl)-methyl)-
malonic acid dimethyl ester.

Yield: 10 mg (27%).

'HNMR (DMSO d.): §8.05 (br.d, 1H), 7.47 (br.t, 1H), 7.3
(d, 1H), 7.0 (br.d, 1H), 6.85 (d, 2H), 6.56 (br.t, 1H), 4.69 (s,
2H), 4.06 (br.s, 4H), 3.84 (t, 1H), 3.6 (s, 6H), 3.04 (d, 2H)
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Example 3

5-(4-Pyndin-2-y1-2,3,4,5-tetrahydro-benzo[1][1,4]
oxazepin-7-ylmethylene)-thiazolidine-2,4-dione

4-Pyridin-2-y1-2.3.4,5-tetrahydro-benzo[1][ 1,4]0x-
azepine-7-carbaldehyde [compound of Example 1-Step I1I]
(0.868 g, 3.4 mmol) was dissolved 1n 100 mL dry toluene and
to this solution, was added 2,4-thiazolidinedione (0.402 g, 3.4
mmol) and piperidinium acetate (46 mg, 0.32 mmol). The
reaction mixture was refluxed in a Dean Stark apparatus for 4
hours. The reaction mixture was cooled and filtered. The
residue was washed with petroleum ether (500 mL) and dried
in air to give crude material A (0.6 g). The filtrate and petro-
leum ether wash were combined, cooled overnight and {il-
tered. The filtrate was washed with petroleum ether (500 mL).
The residue was dried 1n air to give crude material B (0.24 g).
Both crude materials, A and B were combined and purified by
silica chromatography using 1% CH,CI, in MeOH to give
S5-(4-pridin-2-vy1-2,3,4,5-tetrahydro-benzo[ ][ 1,4 Joxazepin-
7-ylmethylene)-thiazolidine-2,4-dione.

Yield: 0.54 g (45%).

mp: 260-261° C.; IR (KBr): 3400, 1710, 1610, 1580, 1513,
1260 cm™"; '"H NMR (DMSO d,): 8 12.5 (s, 1H, exchange-
able), 8.07 (m, 1H), 7.74 (s, 1H), 7.72 (m, 1H), 7.5 (t, 1H),
7.4(d, 1H),7.08 (d, 1H),6.9 (d, 1H), 6.38 (1, 1H), 4.86 (s, 2H),
4.22 (m, 2H), 4.1(m, 2H)

Example 4

5-(4-Pynridin-2-y1-2,3,4,5-tetrahydro-benzo[1][1,4]
oxazepin-/-yl-methyl)-thiazolidine-2,4-dione

5-(4-Pyndin-2-yl1-2,3,4,5-tetrahydro-benzo[1][ 1,4 |ox-
azepin-7-ylmethylene)-thiazolidine -2,4-dione [compound
of Example 3] (0.54 g, 1.5 mmol) was taken i 1,2-
dimethoxyethane (45 mL) and heated to dissolve. The reac-
tion mixture was then cooled to -5 to 0° C. and to this solution
kept under nitrogen, were added pieces of aluminum foil
(10x10x0.02 mm, 0.306 g, 11.3 mmol) which had been
freshly dipped for 10 seconds sequentially in each of diethyl
cther, ethanol, 2% aqueous mercuric chloride solution, etha-
nol and again diethyl ether. To the reaction mixture, water was
added (0.45 mL), and stirred for 3.5 hours at -5 to 0° C. under
N, atmosphere. To this solution, celite (2.4 g) was added,
stirred at room temperature for 5 min, filtered through a celite
bed and washed with DMF (3x60 mL). The filtrate was con-
centrated to give crude material (0.820 g) which was purified
by silica chromatography using 1% CH,Cl, in MeOH, to give
S5-(4-pyridin-2-y1-2,3.4,5-tetrahydro-benzo[1][ 1,4 |oxazepin-
7-yl-methyl)-thiazolidine-2,4-dione.

Yield: 0.282 g (53%).

mp: 180-181° C.; IR (KBr): 3440, 1750, 1710, 1603, 1490
cm™"; "THNMR (CDCL,): 6 8.13 (d, 1H), 7.44 (t, 1H), 7.23 (d,
1H), 7.03 (br.d, 1H), 6.96 (d, 1H), 6.64 (d, 1H), 6.6 (t, 1H),
4.71 (s, 2H), 4.5 (dd, 1H), 4.05-4.25 (m, 2H), 3.47 (dd, 2H),
3.13 (dd, 2H)

Example 5

5-(4-Pyridine-2-y1-2,3,4,5-tetrahydro-benzo[ ][ 1,4]
oxazepin-/-ylmethyl)-thiazolidine-2,4-dione maleate

5-(4-Pynidine-2-y1-2,3.,4,5-tetrahydro-benzo[ ][ 1,4]ox-
azepin-7-ylmethyl)-thiazolidine-2,4-dione [compound of
Example 4] (260.2 mg, 0.730 mmol) was dissolved 1n metha-
nol (20 mL). To this solution, maleic acid (85 mg, 0.730
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mmol) was added under stirring at room temperature to give
a turbid solution. On warming to 40° C., both the components
dissolved completely. It was then diluted with methanol (10
ml) and stirred overnight. The reaction mixture was filtered
and concentrated to give a yellow oil. The o1l was dried under

high vacuum at 40° C. for 2 hours to give a yellow crystalline
solid.

Yield: 300 mg (83.7%).

mp: 74-76° C.; "HNMR (CDC1,+DMSO d,): § 11.5 (br.s,
1H),7.85(d, 1H),7.25(t, 1H),7.00 (s, 1H), 6.75 (d, 1H), 6.65
(d, 1H), 6.45 (d, 1H), 6.35 (t, 1H), 6.05 (s, 2H), 4.42 (s, 2H),
4.25(dd, 1H),4.05-3.85(m,4H),3.18 (dd, 1H), 2.80(dd, 1H).

Example 6

5-(4-Benzooxazol-2-yl-2,3,4,5-tetrahydro-benzo[ 1]
[1,4]oxazepin-7-ylmethylene)-thiazolidine-2,4-dione

Step |

Preparation of 2-methylsulfanyl-benzooxazole

Methyl 10dide (20 mL, 320 mmol) was added to a solution
ol benzooxazole-2-thiol (25.0 g, 165 mmol) taken in dry THF
(250 mL) and the reaction mixture was stirred at room tem-
perature for 80 hours, after which 1t was concentrated to give
2-methylsulfanyl-benzooxazole.

Yield: 25.0 g (91.50%).

Mass (EI): 165 (M*); '"H NMR (CDCL,): 8 7.60 (d, 1H),
7.42 (d, 1H), 7.26 (m, 2H), 2.80 (s, 3H).
Step 11

Preparation of 2-(benzooxazol-2-ylamino)-ethanol

To 2-methylsulfanyl-benzooxazole [compound of Step I]
(25 g, 150 mmol), ethanolamine (253 g, 250 mL) was added

and the reaction mixture was heated at 100° C. for 1.5 hours.
The reaction mixture was poured on crushed 1ce-water mix-
ture and extracted with ethyl acetate (3x1 L). The ethyl
acetate layer was washed with water and brine, dried over
anhydrous sodium sulfate and concentrated to give 2-(ben-
70ooXxazol-2-ylamino)-ethanol.

Yield: 10.0 g (37.09%).

Mass (ED): 178 (M*); "H NMR (DMSO d,.): § 7.95 (t, 1H),
7.35 (d, 1H), 7.23 (d, 1H), 7.15 (t, 1H), 6.95 (t, 1H), 4.83 (,
1H), 3.58 (m, 2H), 3.35 (m, 2H).

Step 111

Preparation of sulfurous acid
2-(benzooxazol-2-ylamino)-ethyl ester methyl ester

2-(Benzooxazol-2-ylamino)-ethanol [compound of Step
II] (9.76 g, 55 mmol) was taken 1n dry pyridine (40 mL) and
to this solution, methanesultonyl chloride (4.6 mL, 60 mmol)
was added under stirring at room temperature. The reaction
mixture was stirred for 15 hours, then diluted with 1ce water
and extracted with dichloromethane (3x200 mL). The dichlo-
romethane layer was washed with water and brine, dried over
anhydrous sodium sulfate and was concentrated to give a
crude material (18 g). The crude material obtained was puri-
fied using a silica gel column and 80% ethyl acetate 1n petro-
leum ether to yield sulturous acid 2-(benzooxazol-2-
ylamino)-ethyl ester methyl ester.
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Yield: 13.0 g (92.72%)

Mass (EI): 256 (M*); '"H NMR (CDCL,): & 7.40 (d, 1H),
7.25(d, 1H), 7.15 (t, 1H), 7.09 (1, 1H), 4.45 (t, 2H), 3.85 (X,
2H), 3.05 (s, 3H).

Step 1V

Preparation of
4]2-(benzooxazol-2-ylamino)-ethoxy]-benzaldehyde

To a mixture of 4-hydroxybenzaldehyde (6.1 g, 50 mmol)
in dry DMF (40 mL), was added sodium hydride (2.2 g, 55
mmol, 60% suspension) under stirring, in a nitrogen atmo-
sphere at room temperature. The thick solution was diluted
with dry DMF (20 mL). Sulturous acid 2-(benzooxazol-2-
ylamino)-ethyl ester methyl ester [compound of Step 111] (14
g, 55 mmol) dissolved in dry DMF was added dropwise to the
reaction mixture over a period of 20 min and the resulting
mixture was heated to 80° C. for 1 hour. The reaction mixture
was poured on crushed ice and then extracted with ethyl
acetate (3x200 mL). The ethyl acetate layer was washed with
water and brine, dried over anhydrous sodium sulfate, con-
centrated and purified using silica gel column and 50% ethyl
acetate 1 petroleum ether to give 4-[2-(benzooxazol-2-
ylamino)-ethoxy]-benzaldehyde.

Yield: 3.6 g (23.35%).

Mass (EI): 282 (M*); "H NMR (CDCL,): 8 9.90 (s, 1H),
7.85(d,2H),7.40(d, 1H), 7.30 (d, 1H), 7.20 (t, 1H), 7.10 (d,
1H), 7.00 (d, 2H), 4.30 (t, 2H), 3.95 (t, 2H).

Step V

Preparation of 4-[2-(benzooxazol-2-ylamino)-
ethoxy]-3-chloromethyl-benzaldehyde

To 4-[2-(benzooxazol-2-ylamino)-ethoxy]-benzaldehyde
[compound of Step IV] (3.52 g, 12.5 mmol) taken 1in concen-
trated HC1 (150 mL), were added, zinc chloride (0.650 g, 4.76
mmol) and formaldehyde solution (3.2 mL of 35% aqueous
solution, 37.3 mmol) and the resulting mixture was stirred at
room temperature. HCl gas was bubbled into the reaction
mixture at a constant rate until the mixture was saturated (for
about 4 hours.), Stirring was continued for 55 hours at room
temperature. The resulting mixture was poured on crushed
ice, and neutralized to pH 7.5-8.0 with 50% NaOH solution,
extracted with ethyl acetate (3x200 mL ), washed with water,
dried over anhydrous sodium sulfate, concentrated, and crys-
tallized from ethyl acetate/petroleum ether to give 4-[2-(ben-
zooxazol-2-ylamino)-ethoxy]-3-chloromethyl-benzalde-
hyde.

Yield: 2.25 g (34.61%).

Mass (EI): 330 (M™*); 'HNMR (CDCl,): 8 9.92 (s, 1H), 7.9
(br.s, 1H), 7.85 (d, 1H), 7.40 (d, 1H), 7.25 (d, 1H), 7.15 (&,
1H), 7.05 (m, 2H), 4.70 (s, 2H), 4.40 (t, 2H), 4.00 (br.t, 2H).
Step VI

Preparation of 4-benzooxazol-2-y1-2,3,4,5-tetrahy-
dro-benzo[1][1,4]oxazepine-7-carbaldehyde

To 412-(benzooxazol-2-ylamino)-ethoxy]-3-chlorom-
cthyl-benzaldehyde [compound of Step V] (3.3 g, 10 mmol)
taken in dry DMF (100 mlL), were added potassium carbonate
(4.14 ¢, 30 mmol) and potassium 1odide (3.32 g, 20 mmol).
The reaction mixture was stirred at room temperature for 55
hours. The reaction mixture was diluted with water and
extracted with ethyl acetate (3x200 mL). The ethyl acetate
layer was washed with water and brine, dried over anhydrous
sodium sulfate and concentrated. The brown o1l (4.0 g)
obtained was purified using silica gel column and 30% ethyl
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acetate 1n petroleum ether to yield the desired product 4-ben-
zooxazol-2-yl-2,3,4,5-tetrahydro-benzo[1][ 1,4 Joxazepine-7-
carbaldehyde.

Yield: 0.085 g (2.89%).

Mass (EI): 294 (M*); 'H NMR (CDCl,): & 9.95 (s, 1H),
8.00 (br.s, 1H), 7.78 (d, 1H), 7.32 (m, 2H), 7.18 (m, 2H), 7.05
(m, 1H), 4.90 (br.s, 2H), 4.35 (m, 2H), 4.18 (mm, 2H).

Step VI

Preparation of 5-(4-benzooxazol-2-y1-2,3,4,5-tet-
rahydro-benzo[1][1,4]|oxazepin-7-yl-methylene)-
thiazolidine-2,4-dione

To 4-benzooxazol-2-yl1-2,3.4,5-tetrahydro-benzo[{][1,4]
oxazepine-7/-carbaldehyde [compound of Step VI] (0.176 g,
0.6 mmol) taken 1n toluene (25 mL) were added 2,4-thiazo-
lidine dione (0.105 g, 0.9 mmol) and catalytic amount of
piperidinium acetate (0.025 g). The resulting mixture was
refluxed under Dean Stark conditions for 1.5 hours and then
cooled 1n an 1ce-bath. The precipitate was filtered and washed
with toluene and petroleum ether to give 5-(4-benzooxazol-
2-y1-2,3,4,5-tetrahydro-benzo[ ][ 1,4 |oxazepin-7-ylmethyl-
ene)-thiazolidine-2,4-dione.

Yield: 0.150 g (63.83%).

Mass (EI): 393 (M*); '"HNMR (DMSOd.): 6 7.65 (s, 1H),
7.6 (s, 1H), 7.40 (t, 2H), 7.30 (d, 1H), 7.1 (m, 2H), 7.00 (X,
1H), 4.85 (s, 2H), 4.32 (t, 2H), 4.18 (m, 2H).

Example 7

5-(4-Benzooxazol-2-yl1-2,3,4,5-tetrahydro-benzo[ 1]
[1,4]oxazepin-7-yl-methyl)-thiazolidine-2,4-dione

a) Preparation of Al-Amalgam Strip.

Aluminum foil (0.056 g, 2.1 mmol) was cut into fine strips,
washed sequentially for 10 seconds each with diethyl ether,
then with ethanol and then 1n 2% aqueous mercuric chloride
solution followed by ethanol and diethyl ether. The strip after
this treatment was cut into fine pieces and used as freshly
prepared Al-amalgam strips.

b) 5-(4-Benzooxazol-2-y1-2,3,4,5-tetrahydro-benzo[1][1,4]
oxazepin-7/-ylmethylene)-thiazolidine-2,4-dione [compound
of Example 6] (0.118 g, 0.3 mmol) was taken in 1,2-
dimethoxyethane (40 mL) under nitrogen. The mixture was
cooled to 7-10° C. by using dry ice-acetone bath, freshly
prepared Al-amalgam strips and water (0.54 mL, 30 mmol)
were added and the reaction mixture was stirred for 4 hours.
The reaction mixture was then filtered through a celite bed
and washed with 1,2-dimethoxyethane. The organic layer
was concentrated under high vacuum and purified using silica
gel column 1 50% ethyl acetate in petroleum ether. The
product obtained after concentration was washed with 2%
cthyl acetate 1n petroleum ether, to give 5-(4-benzooxazol-2-
yl-2,3,4,5-tetrahydro-benzo[1][1,4]oxazepin-7-ylmethyl)-
thiazolidine-2,4-d1one.

Yield: 0.015 g (12.71%).

Mass (EI): 395 (M*); "H NMR (CDCIl,): § 8.0 (br.s, 1H),
7.3 (m, 3H), 7.15 (m, 1H), 7.05 (m, 3H), 4.75 (d, 2H), 4.50
(dd, 1H), 4.15 (m, 4H), 3.48 (dd, 1H), 3.16 (dd, 1H).

Example 8

5-(4-Pyridin-2-yl1-2,3,4,5-tetrahydro-benzo[1][1,4]
oxazepin-/-ylmethylene)-thiazolidine-2,4-dione
maleate

To a mixture of 5-(4-Pynidin-2-yl-2,3.,4,5-tetrahydro-
benzo[1][1,4]oxazepin-7-ylmethylene)-thiazolidine-2,4-di-
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one [compound of Example 3] (35.3 mg, 0.1 mmol) and
maleic acid (11.6 mg, 0.1 mmol) 1n a 100 mL two necked
round bottomed flask was added 30 mL methanol:dichlo-
romethane (2:1). The mixture was heated until a clear solu-
tion was obtained. The solution was stirred overnight (16
hours) and concentrated to give a solid which was recrystal-
lized from methanol:dichloromethane:petroleum ether to
give crystals of 5-(4-Pyndin-2-y1-2,3.4,5-tetrahydro-benzo
[1][ 1,4 ]oxazepin-7-ylmethylene)-thiazolidine-2,4-dione
maleate. mp: 224-226° C.

Pharmacology

Example 9

Effect on Gluconeogenesis in Isolated Rat Hepatocytes

Assay protocol for determination of mhibition of gluco-
neogenesis by compounds 1n 1solated rat hepatocytes:

a) Isolation of Rat Hepatocytes

Hepatocytes were 1solated by collagenase digestion of per-
tused livers from male Wistar rats fasted overnight according
to the method described 1n J. Cell. Science., 56, 233-244,
1982, the disclosure of which 1s incorporated by reference for
the teaching of the method.

b) Study of Gluconeogenesis in Hepatocytes

The assay was done 1n three groups: basal, control and test.
The test compounds were added to the vials at different con-
centrations. The 1solated hepatocytes were added to the vials
and they were incubated at 37° C. for 15 min. After 15 min, 5
mM fructose (precursor for gluconeogenesis) was added to
the control and test group. Vials were again incubated at 37°
C. for one hour with constant shaking (80 cycles/min.). Incu-
bation was terminated by centrifuging the reaction mixture at
3000 rpm for 5 min. The supernatant was used for determi-
nation of both glucose and lactate dehydrogenase (LDH)
(Table 1).

An active compound would decrease the amount of glu-
cose formed, which 1s read at 520 nm by glucose oxidase-
peroxidase method.

The LDH activity 1s measured, by the method described in
Meth. Enz. Ana. 3, 118-125, 1984, the disclosure of which 1s
incorporated by reference for the teaching of the method, as
the amount of pyruvate consumed by continuously monitor-

ing the decrease in absorbance due to oxidation of NADH
(Nicotinamide Adenine Dinucleotide-reduced form) at 339
nim.

TABL

(L]

1

Inhibition of gluconeogenesis in isolated rat hepatocvtes

Concen- Gluconeogenesis LDH

Expt Test tration (glucose production) %
No Compound (LM) % inhibition leakage

1 Rosiglitazone 5 11 9

10 28 9

25 43 10

50 57 11

100 68 15

2 Compound of 10 10 5

Example 3 25 36 5

50 42 6

75 51 7

100 74 7

3 Compound of 10 27 No
Example 4 50 35 leakage

100 57
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TABLE 1-continued

Inhibition of gluconeogenesis in isolated rat hepatocvtes

Concen- Gluconeogenesis LDH
Expt Test tration (glucose production) %
No Compound (UM) % 1nhibition leakage
4 Compound of 3 12 No
Example 7 30 19 leakage
100 50
5 Compound of 10 9 No
Example 8 50 13 leakage
100 45
Example 10

Insulin Sensitizing Assay Employing 3T3-L.1 Adipocytes

3'T3-L1 pre-adipocytes were grown to confluence 1n 25 ml
culture tlasks in DMEM (Dulbecco’s Modified Eagle’s
Medium, with 25 mM glucose) contaiming 10% fetal calf
serum (FCS) and antibiotics 1n a humidified atmosphere of
3% CO,, and 95% air at 37° C. The medium was changed
every 2-3 days. The cells were trypsinised at contluency using
0.253% trypsin and transferred to another flask.

For the assay, cells were grown 1n 24 well plates. Induction
of differentiation was done when the cells had grown to
confluency with DMEM containing 5% FCS and supple-
mented with 0.5 mM IBMX (3-Isobutyl-1-methylxanthine),

0.5 uM DEX (dexamethasone) and 1 ug/ml insulin. After two
days of incubation, the medium was replaced with fresh
medium containing 100 nM 1nsulin with standard rosiglita-
zone or test compounds and control wells containing medium
with erther insulin alone or standard TZD (thiazolidinedione)
or test compound alone. The medium was changed three
times, each at an interval of 2 days. On the day of termination
of medium changes, lipogenesis assay was performed.
Lipogenesis Assay in 313-L1 Adipocytes

3T3-L1 cells were grown to contluency in 24 well plates.
They were mduced to differentiate for two days and then
treated with standard rosiglitazone and test compounds by
replenishing media at intervals of two days. On the day of
termination of the assay the cells were incubated 1n 3 ml/well
KRHB (Krebs-Ringer Hepes buifer) for 2 hr at 37° C. mn a
CO, icubator. This was replaced with fresh KRHB with 0.1
mM glucose containing 100 nM 1nsulin, test compound or
isulin plus test compound. Lipogenesis was initiated by the

addition of 20 ul of 50 uCi/ml [°’H]-D-Glucose to each well
and 1ncubation for 90 min at 37° C. 1n a CO, incubator. The
reaction was terminated by aspirating the medium from each
well and washing the cells rapidly 3 times with 1ce-cold PBS
(phosphate butfered saline). 500 ul 01 0.2 N NaOH was added
to lyse the cells. 450 ul was aliquoted 1nto scintillation vials
and scintillation cocktail added. The vials were read i Liquid
Scintillation Counter. Results are expressed as fold activation
of the standard or test compound over the control (Table 2).

Table 2

Potentiation of insulin-stimulated lipogenesis in 3T3-L1 pre-adipocytes
bv test compounds

Expt Fold
No  Treatment stimulation
1 Insulin 1
Insulin + rosiglitazone (10 uM) 2.4
Insulin + Compound of Example 3 (1 uM) 1.2
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Table 2-continued

Potentiation of msulin-stimulated lipogenesis in 3T3-1.1 pre-adipocytes

by test compounds

Expt Fold
No  Treatment stimulation
Insulin + Compound of Example 3 (10 uM) 1.4
Insulin + Compound of Example 3 (25 uM) 1.7
2 Insulin 1
Insulin + rosiglitazone (10 uM) 3
Insulin + Compound of Example 6 (10 uM) 1.4
3 Insulin 1
Insulin + rosiglitazone (10 uM) 3.6
Insulin + Compound of Example 4 (10 uM) 2
Insulin + Compound of Example 4 (100 uM) 2.3
4 Insulin 1
Insulin + rosiglitazone (10 uM) 6.3
Insulin + Compound of Example 2 2
5 Insulin 1
Insulin + rosiglitazone (10 uM) 4
Insulin + Compound of Example & 1.8

Example 11

Streptozotocin-Induced Diabetes 1n Rats

Diabetes was induced in male Wistar rats by intraperitoneal
(1.p.) 1njection of streptozotocin (STZ) (60 mg/kg) dissolved
in 0.05 M citrate butler, pH 4.6. Plasma glucose levels were
estimated 48 hours after STZ administration. The mean levels
of plasma glucose during the experiment were significantly
higher 1n the STZ-diabetic group than in the untreated (con-
trol) group. The rats were divided into three groups (n=8 in
cach group): the first (control) group consisted of untreated
ammals, the second group had diabetic animals and the third
and fourth groups consisted of diabetic animals treated with
the test compounds (50 and 100 mg/kg respectively). Test
compounds were administered p.o. for 8 days to STZ induced
diabetic rats (180-200 g). Blood glucose was measured on

day 0, 3 and 8 (Table 3).

TABLE 3

Blood glucose levels

Blood glucose (umols/ml)

Group Day O Day 3 Day &
Control 57x1.09 5608 4820
Diabetic 17.2 £1.01 18009 189+1.9
Compound of Example 5 (50 mpk) 16.8 0.9 159 +3.0 14.1 +£1.99
Compound of Example 5 (100 mpk) 170 +2.0 16.0+1.09 13.0+0.9

Percent reduction in blood glucose:
At 50 mpk=28%; At 100 mpk=31%.

Example 12

hPPAR v/o. Transactivation 1n Cell-Based Assay

The assay was designed as in references, J. Biol. Chem.,
2770(22), 12953-12956, 1995 and Dhabetes, 47, 1841-1847,
1998, the disclosure of these two references are incorporated
by reference for the teaching of the assay.

Cell based transcription assay was employed to identify
hPPAR v/o. agonists. CV-1 cells were maintained in MEM
(minimum essential medium) containing 10% FBS (fetal
bovine serum). Cells were seeded at a density of 80,000
cells/well 1n a 24-well plate one day prior to transiection.

10

15

20

25

30

35

40

45

55

60

65

28

CV-1 cells were transiently transfected with hPPAR v/a using
Lipofectamine 2000. Test compounds, or the full PPARY ago-
nist rosiglitazone (1 uM), or PPARa agonist Wy-14643 (20
uM), were added five hours after transtection. Receptor acti-
vation by ligands leads to activation of luciferase expression,
which was measured after 15-16 h incubation. The cells were
washed with PBS, lysed, and luciferase activity measured in
a microplate luminometer. PPARyY and PPAR . agonist poten-
cies of test compounds were compared with reference ago-
nists, Rosiglitazone and Wy-14643, respectively. Both com-
pounds were synthesized in-house. Maximum activation with
the reference agonists was defined as 100%. Receptor activa-

tion by test compounds 1s presented as percentage ol maxi-
mum activation caused by the respective reference agonists in

Table 4(a), Table 4(b) and Table 4(c).

TABLE 4(a)

hPPAR Y transactivation in cell-based assay

Test Compound PPARY (Fold activation at 1 uM)

R.1 (100%)
0.7 (9%)

Rosiglitazone

Compound of Example 7

TABLE 4(b)

hPPAR @Qtransactivation in cell-based assay

Test Compound PPARa (Fold activation at 20 uM)

Wy-14,643 3.2 (100%)

Compound of Example 7 1.5 (47%)

TABLE 4(c)

hPPAR ¥transactivation in cell-based assay

Test Compound PPARY (Fold activation at 1 uM)

14.5 (100%)
1.8 (12%)

Rosiglitazone
Compound of Example 5

It should be noted that, as used 1n this specification and the
appended claims, the singular forms “a,” “an,” and “the”
include plural referents unless the content clearly dictates
otherwise. Thus, for example, reference to a composition
containing “a compound™ includes a mixture of two or more
compounds. It should also be noted that the term “or” is
generally employed 1n 1ts sense including “and/or” unless the
content clearly dictates otherwise.

All publications and patent applications 1n this specifica-
tion are indicative of the level of ordinary skill 1n the art to

which this invention pertains.

The invention has been described with reference to various
specific and preferred embodiments and techniques. How-
ever, 1t should be understood that many variations and modi-
fications may be made while remaining within the spirit and
scope of the invention.
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We claim:

1. A compound of formula (I),

(D

wherein:

where:

R and R* are, independently of each other:

hydrogen; hydroxyl; alkoxy; C,-C, alkyl; amino; or aryl;
R>, R° and R’ are, independently of each other:
hydrogen; C,-C, alkyl; or aryl;

nis 0,1 or 2; and

the arrows indicate the point of attachment of R* group;
R” is:

mono or bicyclic heteroaryl, containing one nitrogen and

optionally another heteroatom selected from nitrogen,
sulphur or oxygen;

which may be unsubstituted or substituted with R®,
wherein R® is:

hydrogen; hydroxyl; alkoxy; C,-C, alkyl; halogen; amino;
or aryl; and

a stereoisomer, geometric 1somer or pharmaceutically
acceptable salt thereol.
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2. The compound according to claim 1, wherein
R is:

O
O O
R4 R3
R3 g 2 R4 r
0 NH,
O O R®
O N
RS R* or R} RS,
where:
R> and R* are, independently of each other:
hydrogen; hydroxyl; alkoxy; C,-C, alkyl; amino; or aryl;
R> and R°® are, independently of each other:
hydrogen; C,-C, alkyl; or aryl;
nis 0, 1 or 2;
the arrows indicate the point of attachment of R* group; and
a stereoisomer, geometric isomer or pharmaceutically
acceptable salt thereof.
3. The compound according to claim 2, wherein:
R' is:
O O
R4
R3 g o RS""O R*;
O
where:
R? and R* are, independently of each other:
hydroxyl or alkoxy;
R” is:
hydrogen; C,-C, alkyl; or aryl;
nis 0, 1 or 2;
the arrows indicate the point of attachment of R" group; and
a stereoisomer, geometric isomer or pharmaceutically
acceptable salt thereof.
4. The compound according to claim 3, wherein
R is:
O
R4.
R’ " |
O
where:
R? and R* are, independently of each other:
hydroxyl or alkoxy;
nis 0, 1 or 2;
the arrow indicates the point of attachment of R* group; and

a stereoisomer, geometric isomer or pharmaceutically
acceptable salt thereof.
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5. The compound according to claim 1, wherein -continued
R is: R

= S
‘N’ S . RI— X{L/r‘ where:
>/ R® is:
10 hydrogen; hydroxyl; alkoxy; C,-C, alkyl; halogen; amino;

O O or aryl;

the arrows indicate the point of attachment of R* group to
. NH the benzoxazepine core; and
o O a stereoisomer, geometric 1somer, or pharmaceutically

15 acceptable salt thereof.
O O 8. The compound according to claim 7, wherein
R” is heteroaryl selected from:

where:
R’ is: 20 \ RS
hydrogen; C,-C, alkyl; or aryl; N\ 5 o Af’ N\ /
the arrows indicate the point of attachment of R group; and ‘ e ‘ > :
a stereoisomer, geometric 1somer or pharmaceutically F X O
acceptable salt thereof. 25
6. The compound according to claim 5, wherein where-
R' is: R® is:
hydrogen; hydroxyl; alkoxy; C,-C, alkyl; halogen; amino;
o 30 or aryl;
the arrows indicate the point of attachment of R* group to
the benzoxazepine core; and
R/— a stereoisomer, geometric isomer or pharmaceutically
%S acceptable salt thereof.
35 9, The compound according to claim 1, wherein
V R*'is:
where:

0O O
R’ is: 40
hydr C,-C, alkyl: R A -
ydrogen or C,-C, alkyl; o3 . Or s R4
the arrow indicates the point of attachment of R' group; and
O

a stereoisomer, geometric 1somer or pharmaceutically

acceptable salt thereof. 45
3 4 : .
7. A compound according to claim 1, wherein: R*and R™ are, independently of each other:
5 . hydroxyl or alkoxy;
R~ 1s heteroaryl selected from: RS is:

hydrogen; C,-C, alkyl; or aryl;
so Nn1s0,1or?2;
R” is heteroaryl selected from:

RS
55 \ N\ ,;\’/’\..—--*N /

v es

/ \/‘""\. O

l 60 where:
RS RS R® is:
N \ Aﬁ\f N\ hydrogen; hydroxyl; alkoxy; C,-C, alkyl; halogen; amino;

‘ " ‘ >/ and theogr?'lt;y\ﬁl.f;s indicate the point of attachment of R* group to

X N X 0 > thep group

| 65 the benzoxazepine core; and

H a stereoisomer, geometric isomer or pharmaceutically

acceptable salt thereof.
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10. The compound according to claim 1, wherein

R! is:
O /
R/ — >\‘ ;
Va
O
where:
R 1s:

hydrogen or C, -C, alkyl;

the arrow indicates the point of attachment of R' group;

R” is heteroaryl selected from:

\ Rg
‘/Nx 2NN

RIECHEN T \>/

\/ A O

where:

R® is:
hydrogen; C,-C, alkyl; or halogen;

the arrows indicate the point of attachment of R* group to

d

the benzoxazepine core; and

stereolsomer, geometric isomer or pharmaceutically
acceptable salt thereof.

11. The compound according to claim 1, wherein the
optional double bond (-------- ) 1s absent.

12. The compound according to claim 1, wherein the com-
pound 1s selected from:

2-(4-pyridin-2-y1-2,3.,4,5-tetrahydro-benzo[1][1,4]ox-

azepin-7/-ylmethyl)-malonic acid dimethyl ester,

2-(4-pyridin-2-y1-2,3.4,5-tetrahydro-benzo[1][ 1,4 ]ox-

azepin-7-yl)-methylene)-malonic acid dimethyl ester,

5-(4-pyridin-2-yl-2,3,4,5-tetrahydro-benzo[1][ 1,4 ]ox-

azepin-7/-ylmethyl)-thiazolidine-2,4-dione,

S3-(4-pyridin-2-yl-2,3,4,5-tetrahydro-benzo[1][ 1,4 ]ox-

azepin-7-ylmethylene)-thiazolidine-2,4-dione,

5-(4-benzooxazol-2-y1-2,3,4,5-tetrahydro-benzo[1][1,4]

oxazepin-/-ylmethyl)-thiazolidine-2,4-dione,

5-(4-benzooxazol-2-y1-2,3,4,5-tetrahydro-benzo[1][1,4]

oxazepin-/-ylmethylene)-thiazolidine-2,4-dione,

5-(4-pyridine-2-yl1-2,3,4,5-tetrahydro-benzo[1][1,4]0x-

D

azepin-7-ylmethyl)-thiazolidine-2,4-dione maleate; or

-(4-pynidin-2-y1-2,3,4,5-tetrahydro-benzo[1][1,4]ox-
azepin-7-ylmethylene)-thiazolidine-2,4-dione maleate;
or

stereoisomer, geometric 1somer or pharmaceutically
acceptable salt thereol.
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13. A process for the preparation of a compound of formula
(I) according to claim 1, or a pharmaceutically acceptable salt

thereof,

()

wherein:
-------- (dotted line) represents an optional bond; and
R! and R~ are as defined in claim 1,
which process comprises the steps of:
a) chloromethylation of compound of formula (2), wherein

R” is as defined in claim 1, with formaldehyde in pres-
ence of hydrochloric acid and a Lewis acid at a tempera-
ture 1n the range o1 10° C. to 50° C. for 24 to 72 hours to
give compound of formula (3), wherein R” is as defined
in claim 1;

(2)

Cl

\_\O /7 \__/

O

(3)

b) cyclisation of compound of formula (3), wherein R* is as

defined 1n claim 1, 1n the presence of potassium 10dide
and/or potassium tluoride, optionally 1n the presence of
a base selected from sodium carbonate, potassium car-
bonate and potassium bicarbonate, in DMF, dioxane or
THE, at a temperature 1n the range of 50° C. to 150° C.
from 0.5 to 5 hours to give compound of formula (II),
wherein R” is as defined in claim 1:

(1)

()

¢) reaction of compound of formula (II) with R'—H,

wherein R' is as defined in claim 1, either (i) in the
presence of a Lewis acid catalyst in a solvent selected
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from chloroform, carbon tetrachloride, tetrahydroturan,
ether and dioxane, or 1n a mixture of two or more of these
solvents, 1n presence of pyridine, at a temperature 1n the
range of 0° C. to ambient temperature, for 2 to 24 hours;
or (11) 1n the presence of piperidinium acetate 1n toluene,
refluxed 1n a Dean Stark apparatus to give compound of

formula (I), wherein R" and R” are as defined in claim 1
and the optional double bond 1s present;

d) optionally reducing the double bond of compound of

formula (I) obtained 1n step (¢) with Al-amalgam in a
solvent selected from dioxane or 1,2-dimethoxyethane
at a temperature in the range of —=10° C. to 15° C. for 2 to
6 hours, or by catalytic hydrogenation, to give com-
pound of formula (I), wherein R' and R” are as defined in
claim 1 and represents no bond;

(D

¢) optionally converting compound of formula (I) wherein

R' and R” are as defined in claim 1, into a pharmaceuti-
cally acceptable sallt.
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14. The process according to claim 13, wherein the Lewis
acid 1s zinc chloride, ferric chloride or aluminium chloride.

15. The process according to claim 13, wherein catalytic
hydrogenation 1s carried out in presence of gaseous hydrogen
and a catalyst selected from Pd—C, Rh—C and Pt—C 1n a
solvent selected from dioxane, acetic acid, ethyl acetate,
methanol and ethanol, at a pressure between atmospheric
pressure and 40 psi, at ambient temperature, for 6 to 24 hours.

16. A pharmaceutical composition, comprising a therapeu-
tically effective amount of a compound of formula (I) accord-
ing to claim 1, or a stereoisomer or pharmaceutically accept-
able salt thereot, and a pharmaceutically acceptable carrier or
diluent.

17. A method for the treatment of isulin resistance or
conditions associated with insulin resistance, comprising
administering to a human or non-human mammal in need
thereol, a therapeutically effective amount of a compound of
the formula (I), as claimed 1n claim 1, or a stereoisomer,
geometric 1somer, or pharmaceutically acceptable salt
thereof, wherein the conditions associated with insulin resis-
tance comprise type 2 diabetes mellitus, lipid and carbohy-
drate metabolism disorders, dyslipidemia, hyperinsulinema,
glucose mtolerance, or obesity.

18. The method according to claim 17, wherein the condi-
tion associated with 1nsulin resistance comprises type 2 dia-
betes mellitus.
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